cooperate to achieve common goals, possibly exchanging information through communications or interactions. These agents are geographically dispersed, may move from one site to another, without possibly stopping their ongoing calculations. Also, the knowledge of the running environment is limited and no centralized point of control is assumed. The long term objective of these calculi and their related formal theories is then to design applications, certified to have some clearly stated properties, that may involve thousands or millions of ubiquitous, cooperating entities. Typically, process calculi are built out from a very restricted number of primitives focused on the description of process interaction. They have extensively being investigated in the last three decades since the pioneering work by Hoare [6] and Milner [9] ; a closely related sub-field is that of Petri nets, that studies concurrent sytems from the point of view of automata theory. A main result of the reasearch on process calculi are formal theories that deal with several aspects of this fascinating new computing paradigm. Among these aspects, particularly important are the qualitative ones, that mainly consider the behaviour of computing agents in terms of equivalences, as well as the quantitative aspects, that measure somehow systems behaviour, taking care of probability distributions, time constraints, and so on.
Systems biology [7] is a field that studies the system-level structure and behaviour of complex systems made up of molecular components. In turn, the nature and the behaviour of the components, when taken in isolation, is well-known from molecular biology. The overall goal of this discipline is to control the evolution of these complex systems and to design modifications to them, guaranteeing that some specific properties are satisfied.
As a matter of fact, the goals of systems biology are quite simlar to those of global computing application design. So, if we succeed in modelling biological systems as computer systems, e.g. as computing agents in some process calculus, we shall advance the state of the art in both disciplines.
The connection between the computer and biological world is very well described by the methaphor cells as computations [16] . Biological components (at various level of abstractions) are represented as processes and their interactions result to be communication between processes. Relying on calculi for mobility the effect of a communication can change the future interaction of processes as it happens on the biological side for interacting components.
The above methaphora has been reified exploiting a revised version of the stochastic π-calculus [13] implementd in the BioSPI system [17, 14] . Recently, a biological version of the ambient calculus as well has been considered to model biological systems [15] .
Here, we propose to adopt enhanced operational semantics [5] as a descritpion tool to attack the complexity of biological systems within a uniform framework.
The enhanced operational semantics, EOS for short, is an operational way of specifying the behaviour of complex systems in terms of their components, reagrdless of their actual nature, computational or biological or whatelse. It enables its users to design, simulate and analyse systems keeping distinct the various aspects they may have, in particular the many facets related to qualitative and quantitative analysis. Being each aspect orthogonal to the others, it is then possible to combine some of them at a later stage, so taking advantage of a clear separation of concerns.
Recent developments in the EOS theory show that many different families of calculi can be simulated relying on a core π-calculus formalism. The main idea is that the annotations introduced on labels of transitions can be used to control the possible interaction of communicating systems [3] . A further result is that most of the transitions systems originated by calculi for mobility turns out to be a subset of the π-calculus [10] transition system. As a consequence, we can study properties of the selected formalism in the π-calculus by suitable assignment of parameters to transitions. This unifying framework allows us to select the most suitable formalism to design biological systems and relying on the implementation of a π-calculus kernel (e.g., the BioSPI system) to study properties and performing simulations.
As mentioned above, an important aspect of enhanced operational semantics is that it allows to describe various aspect of systems without changing the actual syntax (that remains the standard syntax of many process calculi). Thus, it is possible to define causal or locational relations between actions, so expressing, e.g., the need of some bio-chemical reactions to occur before a selected one or the need of the co-location of some reactants to enable an interaction.
In a similar, independent way, one can derive or assign stochastic information to the system activities, in terms of the probabilities or the statistical rates they have to occur. In this way, we describe system evolutions closer to reality, and we mechanically calculate the probability that a(n un)wanted chain of reactions has to show up. Exploiting a notion of behavioural equivalence between processes, one can then group apparently different biological systems, that however exhibit the same dynamics. This equivalence can take as a parameter the wanted (qualitative or quantitative) aspects of the systems under analysis: the user selects what has to be observed and a mechanical (and up to now inefficient) tool is able to detect similarities and dissimilarities. As another application of the equivalences mentioned above, one can study a property known in the sub-field of computer security as non-interference [2, 4] : a given system will not interfere with its surrounding environment, whichever it could be, or, in biological terms: does a selected component in a system interfere with others and produce unwanted effects while the whole system evolves?
We end this position paper by noting that although operational semantics is one of the most simple formal tools that can be used in the design of complex systems, it is quite far from the common practice of biologists.
An essential ingredient for the success of the challenge outlined at the beginning is the identification of a communication language between computer scientists and biologists. Such a language must have the following characteristics:
-it must hide as much technical details as possible from the user so that the biologists need not to have strong background in mathematics and formal methods to use it; -it must be sufficiently structured (i) to avoid as much ambiguities as possible and (ii) to derive consistent formal methods to analyse and simulate systems; -it must be possible to automatically translate specifications in this language into process calculi specification and to reflect back in the interface language the results of the formal analysis.
To satisfy all the above requirements we think that a graphical, semi-structured language could be a solution at the right level of abstraction. Indeed, biologists already have in use many graphical languages (e.g., [1, 8, 11] ) and so computer scientists do. Additionally, software engineers make use of graphical standards as UML to model systems, and there are already definitions of extractors from UML specifcations to π-calculus descriptions [12] that show the feasibility of the approach and that allow reuse of existing tools.
